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AND FLAPRID 42O WPIBACK WING AT A 

NUMBER QF 6.8 x lo6 

By Thcnnae V. Bollech and Gearge L. Pra t t  

SUMMARY 

&I investigation has been  conducted in the m e y  1+foot preseure 
tunnel   to  determine the  -effects of "Epoiler g e m t r y  and location an the 
low+3peed la teral   .control   characterfet ics  of a w i n g  swept back 420 at 
the  leading e a e  with and without  high-lift and stall-control  devicea. 
The wing incorparated NACA a1-U2 airfoil segtiona  perpendicular t o  

of 0.625. main  ahd s tep   spouer  arrangemnts of varfous  pane and 
spoiler  proJectiona were Fnvestigated a t  several apanwtse and chordwise 
locations a t  a Reynolds nmiber of 6.8 X 106 and a Mach nuniber of 0.16 
through an a n g l " a t t a c k  range from -ko t o  the stall. Ln add i t l  
few arrangements were investigated a t  a Reynolds number of 3.8 x 13: a 

L 

- the O.273"chord 1-0 and h+ an aspect r a t i o  of 4.01 and a taper ratio 

The resul ts   indicate  that the increments of rolliw moment obtained 
frcm spoilers  extending  inboard fram the t i p  and outboard  from  the  root 
cannot be combined in  a single epaarise  effectivenesa curve as  In the 
case of st raight  w i n g s .  

Baeed on equal-pan spoilers having a projection of 10 percent a? 
the local chard, the atep  epoiler was most effectfve if located  s l ight ly  
fnboard of the w i n g  t i p  for the plain-xlng canfiguration; whereaa the 
plain spoiler wa8 most effect ive if located in the  vicini ty  of the plane 
of symmetry.  With flaps  deflected,   both  spoilers were most effect ive 
when located  sl ightly inbcrard of the wing t fp .  

With flape  neutral,  the plafn spoiler waa more effect ive than the 
etep epofler for low spofler  projections in the law and moderate w e -  

more effective throughout the entire  angle-of-attack  range and spoiler 
projectiona  investigated. 

- of-attack range. With f l aps  deflected,  the  plain  epoiler w a s  generally 

- 
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For all configuration8  investigated, a forward spoiler. chordwise 
location generug reduced the spoiler  effectivemas in the low and 
moderate angle-ofdttack range and increased  the  effectiveness in the 
higher angle-of-attack range. 

The data of' mferencee 1, 2, and 3 have sham that  the effective- 
ness of a spoiler on aweptback wings is dependent upon both  spoiler 
geametry aad location. Although reference 3 does permit an evaluatioll 
of epoiler type, the data do not  permit a ccmrplete evaluation of spoiler 
effectiveness as Mfected by euch fac ta rs  as spoiler span, projection, 
and location. In arder t o  study the e f fec ts  af egoiler g e m t r y  and 
loca t im.on  the lateral control  characteristics of a Bweptback w i n g  in 
mare de ta i l ,  tes te  have been made in the Langley l w o o t  preeeure tunnel 
t o  determine the lox-speed spoiler la teral   control  CharaCtf3ri8tiCB of a 
plain and flapped 4 2 O  sweptback wing. The w i n g  incmparated NACA 641-LL2 
a i r fo i l   sec t tans  perpendicular to   the  O.273+hord line &.had an aspect 
r a t i o  of 4.01 and a taper   ra t io  of 0.625. 

Plain and step spoiler arrangemnte of various span8 and spoiler 
projections were investfgated a t  eeveral epamdse and chmdwiee location8 
on the baeic w i n g  and on the WLng equipped with a fuselage,and high-lift 
and stall-cantrd.  devices. These devices  included  extensible round.-nose 
l e a d i w d g e  f 1 a p s ; t r a i l W d g e  half-span and fuU-pan epl i t  flaps, 
and upper-slxrface fences. 

All the tes ts  of the  investigation were c d u c t e d  at a RepoldB 
number of 6.8 x lo6 and a Mach Ilumber of 0.16. Additional te ts af a 
few canfiguratfans were made at  a Reynolde number of 3.8 x 1 J and a 
Mach number of 0.09. 

All molnents are- talnsn about  a syetem of axis (wind - 8 )  originating 
in the  plane of symmetry at  the quarter-chard point of the rean a e r e  
dynanclc chord. 

% increnrsnt i n  lift coefficient due t o  spoiler projection 
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incremsnt in  drag coefficient due to   spoi le r   p ro jec t ion  

Increnrent in pitc-nt coefficient due t o  spoi ler  
pro j e c t i m  

yawi-nt coefficient 

wing span measured narmal t o  the plane of  egmnaetry, f e e t  

spoi ler  span measured normal t o  the plane of symwtry, f e e t  

aileron s p a  masured normal to the  plane of symmetry, feet 

aileron  deflectfon masured normal to   a i le ron  hinge l ine ,  
posi-tive when trail- edge i~ deflected downward, degrees 

spoiler  projection,  fraction of chard 

wing area, square feet 

man aerodynamic chard Illeaeured parallel to   the  plane of 

spanwise ordinate measured normal ko the plane of symmetry, 
f e e t  

m e  of attack, degrees 

mass density, eluge per cubic  foot 
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v free"etream velocity, feet per second 

Subscript8 : 

eXP experlmsntal 

e st estimated 

T t o t a l  

The wing was conertructed of laminated mahogany to  the  plan f m  
shown in figure 1. The Etngle of sweep of the w i n g  leading edge was 
42.m0 and t he   a i r fo i l  profiles perpendicular t o  the O.273+hard Une 

0.25-chmd line of the wing with unswept panels. The XFng had an aspect 
r a t i o  of 4.01 and a t ape r   r a t io  of 0.625 and had no geanvstric twist o r  
dihedral. The w i n g  t ipa  were parabolic in  plan form and ' e l l i p t i ca l  in 
cross  section. 

W0Ye 641-=2 8 e C t i O I l 8 .  The 0.273-ChCPd line CCZTe8pOIld8 to the 

The high-lift and stall-control  devices are shown in figure 2. The 
leadimg-edge f l a p  was of the roundeoee  extensible typ which extended 
from O.kOb/2. t o  0.9m/2 and had a c p e t a n t  chard of 3.19 inches and w a s  
deflected approximately 50° with  the  section chord line. The trailing- 
ed.ge high-lift device was a s p l i t  f lap having a chord of 18.4 percent af 
the loca l  wing chard measured parallel t o  the plane of symnrstry. Ealf" 
epau and full-span split f laps  extended 50 and 97.5 percent of the wing 
span, respectively, and were deflected 60°. The epl i t4 lap   def lec t ion  
ier 11~3as~md in a plane perpendicular t o  the 0.273-chord l i ne  and is  the 
angle formed by the flap chard line and the lower surface of the Xing. 
The uppe-Mace fences  (fig.  2(c)) were loca ted   a t  50 percent of the 

wing semispan and were constructed of -- inch  sheet steel cut t o  fit 
the upper surface &.the wing. The fences extended from 5 percent of 
the local chord to   the w i n g  trailing edge3 The height of the fencee m e  
a rb i t r a r i l y  set at 60 percent of the mixhum thiclrness af the loca l  air- 
fo i l   s ec t ion  p a l l e l  t o  the plane of symnu4try. 

16 

Details of the spoiler arrangemnte  investigated are e h m  i n  
. f ~ u r e e  3 and 4. TWO types of spofler arrangemente weme investigated 

through a range of spoiler  projections of 2.5, 5, 7.5, and 10 percent 
of the local  chord. The plaFn spoiler  (f igs.  3(a) and 4(a)), con- 
s i s ted  of 0.10b/2 s e g r ~ n t s  (measured perpendicular to   the plane of 
symmetry) which were placed end to -  end along a constant percentage 
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chard line, The step spoiler (fige. 3(b)  and 4(b)) cmisted af a 
series of spoiler segmnts, each 10 percent of the wing semiepan in 
length,  which w e r e  sk8wed on the w i n g  surface EO that they were perpe- 

spoi ler  configuration  were  varied bg changing the number and location of 
spofler eegmnts. 

diculm to  the plane of a m t r y .  and 6paIlWise  location Of 

The fuselage,  which had a f fneneBs ratio of 10.2 :1, 'was circular  in 
cross  section and tapred to a point  at  each epd. The maximum diameter 
of  the fuselage, which was canstant  at  the wing wnkr secti'on, waa 
12.3 percent of the wing  span. TBe fuselage was  used in  the  investiga- 
tion in a rnidwing configuratfon and no fillets were used at  the wine 
fuselage juncture.  Details of% the fueelage are given i n  reference 4- 

Tests 

The tests were conducted in the Langley l+foot pressure tunnel 
with  the model mounted in the tunnel as s h m  In  figure 5. The a i r  i n  
the tunnel w a s  campreseed to a density of 0.0@5 slug per  cubic f m t  . 
A l l  tests  of  the  investigation  were  conducted a t  a Reynold8 n&er 
of 6.8 x lo6  and a Mach number of 0.16 with the exception  of  the plain 
w i n g  and wing4uselage c&inati&, for which  additional  testa were 
made at a 'Reynolds number of 3 .,8 x io6 and a Mach n&er of 0.09. 

The rolliq+mmnt and y a w i v m n t  char&CteristiCs, d a g  with 
the lift, drag, and*pitchlng+mmnt  characteristics,  were  determined 
for all test configmatias through an angb-d-attack range fram 4 O  
to the  stall. 

The stall  peogressions were determined by observation of tufts  of 
wool yarn placed at approxfmately 10, 20, 40, 60, 80, and 90 percent of 
the  chord and spaced 6 inches on the upper s~mface of the  wing. 

All data have been reduced  to nondimensimal coefficient  form. 
Correctlana'for  support taze and interference  effects  have been applied 
to all force  and  mamsnt  data. Jet-boundarg correction8  determined by 
means of  reference 5 and air4lowdsalinemsnt cmectionls have been 
applied  to the angle of attack and drag coefficient. In addition, a 
jet4aundary correction haa been applied to the  pitching m n t .  
Corrections for jet-boundary  effects on r o l l i n g  and yawing monrsnt were 
found to be mall.  and therefare have not been applied. 
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KESULTS AND D I S C U S I O N  
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Effect of Spoiler Span 

The ef fec ts  of spoiler apan oq the aerodynamic characterietlce of 
the  various model configurations m e .  preaented in   f iguree 6(a) t o  6(g), 
which indicate that the  roll iqg-mmnt  effectivenese of both plain and 
step  spoilere  increased with epoiler span up t o  angles of at tack a t  
which the w i n g  s t a l l s .  The only  significant  exception wae when the step 
spoiler  extended  inboard of 20 percent of the wing eemispan, whsre a 
decrease i n  rolling-mament effectiveness  obtained. Further study of 
the data in figures 6(a) t o  6(g) indicates that the rolling-mcment 
effectiveneee  obtained frm spoilers extending inboard .from the t i p  and 
outboard fram the root cannot be combaed i n  a khgh spanwiee effective- 
ness curve as is the caee of s t ra ight  wings (reference 6 ) .  Thie result 
malces it Fmpoesible to   calculate  the rolling-momsnt  effectivenese of 
partial-8pan  epoibrs on swept w i n g s  by the eame mathod a8 ueed i n  
reference 6. . .. . 

.. 

The i n a b i l i t y   t o  ccmbine the spanwise rol l inpnomnt  effect iwneee 
of epoilere  obtained in thia  - inxestigatlan  into a single s p m i e e  
effectivenese curve is  due t o  the .fact that $he incremental effec- 
tiveness of the spoiler Begmnta, when added inboard from the t i p ,  was 
not  equivalent  to the incremental  effectiveness o f  the SF spoiler 
s e p n t s  when added autboard frm the r.oot. - T h i s  fac t  -suggests that, 
i n  order t o  eetimate the spoi le r   ro l l i   n t   e f fec t iveness  of a 
partial+qxn  spoiler,  both  inboard e a d z d  spoiler data must be 
uti l ized.  A mthod which waa found to  closely  eetimate the effectlm- 
ness of partial-span spoilers,  especially  in  case= in which large 
difference6  occurred i n  the incremental effectivenee? of spoiler segmnts, 
IS i u u e t r a t e d  tn figum 7' for an angle of attack of a = 0. T ~ B  c a r s -  
l a t ion  obtained with exper.Fmental values of the rollin@nonBnt  effec- 
tiveness of partial" spoilers when using t h i e  method, which utilizefd 
the data &.f igures  6(a) t o  6 ( g ) ,  i e  shown in figure 8. While s a t l e  
factory  correlation was obtained  with the ezperlmental results of thie 
paper, it should be pointed out .that.. it. is..probable that_ thie  method may 
not yield the sane degree of car re la t ion   fK_wingi  of different p m  
forme since the wing flow characterist ics . are - . . grea t ly -d fec t ed  . . . . ." by 8 w W P -  

While this method is used  herein only to  estimate the  r o l l i e  

. 
,. 

. ." 

" 

- -. . .  . .. - 

. . . . - - . . 

moment effectivenese af partial-rrpan epoilere, it has been found that 
the same procedure c a ~ l  be used t o  desermine t-@ effec t  aP sPoiler epan 
and epanwise location an the w i n g  lift, drag, and moment. cbac te r i e t f i i%.  
The basic aerodynamic characterist ice d the  various model C o n f i g L I r a -  
t ions  are presented,  therefore, in figure 9 to enable the formulation - 
of the wing lift, drag, and moment curves far the w i n g  configuratione 
with various spoiler.arrangement8 which would be useful i n  evaluating 
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the aerodynamic characterist ics of the w i n g  if spo.ilere w e r e  ueed as 
sped  brakes. 

Effect of Spoiler spaaria& Location 

Flaps neutral.- The ef fec ts  of spofler  spanvise  locati.on of constant- 
span, plain and step  spoilers having a projection of 0 .10~  are presented 
i n  figures lO(a) and U. The values of roll-nt effectiveness for 
both  spoilers  located a t  the wing t i p  were apgraxlmately equal (fig.  lO(a) ) 
When the  spoilers were moved inboard, the rolling-nt effectiveness of 
the plain  spoiler  increased progressively; whereas the effectiveness of 
the  step  spoiler  increaaed slightly for the midspan location and then 
decreased  considerably when the inboard end of the span of the s tep 
spoiler was located a t  the w i n g  plane of a m t r y .  Thus, as indicated 
i n  figure 11, the optimum spanwise locat ion  for   the  plain spoiler was in 
the v ic in i ty  of the w i n g  plane of symmtrg; whereas that of the step 
spoiler was s l igh t ly  inboard of the w i q  t ip .  Although no direct  c- 
parison is made in this paper,  the results of the investigation  did 
indicate that spoiler proJection  appeared t o  have no appreciable effect 
OR the opthum  spoiler spanwise location. A canparison of data obtained 
i n  the present  investigation  with  data f r o m  tests of a geonretrically 
similar semispan model (reference 3) at ccanparable RepmIda numbers 
indicates that the 6- trends were obtained for the optimum spanwise 
location of the step spoilers; however, the magnitude of the rolling- 
mament effectiveness obtained in the present -%weetigation for inboard- 
located step spoilers was less than that obtained in  reference 3. The 
discrepancy  obtained in the magnitude of the step  spoiler  rolling+.ment 
effectiveness is believed t o  result fram errors in reflection-plane 
corrections  applied  to the semispan data. Ih orbr t o  obtain  these 
ref lect implane  carrect ions,  the lift d i s t r i b U t i ~ m  over the wing with 
full-apan and partialrrpan  spoilers must be estimated from potential  
flow theory. Since potential  fl& theory does not consider areas of flow 
separation  such as introduced by spoiler-tgpe lateral control, it fa 
reasonable t o  expect errors €n the estimated lift distributions and 
associated errors of considerable magnitude in  the reflection-plane 
carrections. 

The effectiveness of the plain spoiler was superior t o  that of the 
step spoiler for all fnboard locations  throughout the angle-of-ttack 
range up t o  the stall (fig. l O ( a ) ) .  A t  the stal l ,  however, the step 
spoiler maintained s o m e w h a t  better  effectiveness  than the plain spoiler, 
regardless of spanwise location. Although the effectiveness of both 
spoilers can be considered  negligible for. the. midspan and outboard span- 
wise locations,  both spoilers located a t  the plane of  symmetry retained - 
somewhat  better effectiveness a t  the stall than w a 8  obtained when the 
spoilers were located farther outboard.  Since the inboard  spoiler 
locations on the plain wing are not blanketed in  a region of flow 
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separation a t  the stall, ae is the case far outboard  epofler  location, 
i t  would be expected that inboard-located spoilers would maintalx acme- 
w h a t  better  effectiveness  at  the s t a l l  than  outboard-located  spoilers. 
In addi t ion  to  producing the greater roll nt  effectiveness in the 
low and moderate angle+f-attack range f o r s d  positions,  the  plain 
spoiler  also produced the lower decremnt in  lift Coefficient regardless 
of spoiler span location (figs. lo(a)  and &o(>) 1. These results indicate 
that  the  lateral   center of.preeeiizre for the w i n g  equipped wi th  plain 
spoilers was located farther outboard than when the wing wa8 equipped 
with step  spoilers. an effort to   indicate  how the two types of 
8poilers  affect  the flow field o h r  the wing, tuft studies were made of 
the basic wing with and without a fuelage in the midwing position far 
various  plain and step spoiler arrangennsnte. (See fig. 12.) As 
indicated in figure 12, the  areas of disturbed flow produced by the 
plain  spoiler were lQCated fa r ther  outboard t"thofle of the step 
spoiler. The presence of the fuselage ameared t o  have l i t t l e  effect  . 

on the flow characterist ics over the w i n g  equipped w i t h  spoilere. 

Both tgpee of spoilers produce approxlmtely the s a m  degree of 
favorable y a w i n g  marnents which  becams lees favorable with either an 
increase in 'angle of a t tack or i.nboard movement of the  spoiler epan 
location  (fig.   lo(a)).  

Flaps  hf1ected.- For the angle-of-att;ach  range from Oo to 16O, the 
optimum spoiler spanwise location of the step ~pofler on the baeic wing 
with 0.573/2 leading-edge and half-epan flape  deflected (fig. 13) wae 
similar t o  that obtained f o r  the f lapneutral .  aonditicm; whereas that  
of the plain spoiler wae ehifted outboard t o  apprpxfmately  the same 
opt Fmum spanwise location of the step  spoiler.. When the trailing-edge 
f l aps  were extended to   ful l -span  spl i t   f laps  (fig. 14(a)) the optlmtm 
spoiler spanwise .location of the plain  spoiler was .slightly i n b y d  of 
that  obtained  xith O.575b/2 lea" and half+pan a p l i t  flaps 
deflected; and when the O.575b/2 leading-edge f l a p  were deflected alone 
( f ig .  14(b)), the optimum spoiler  spanxise  location of the plain  epoiler 

' was approximately  the 6- as that  obtained wi th  flape  neutral.  Since 
the  effeot  of trailin&edge flape on the epan load distr ibut ion  ie  
caneiderably  greater  than that obtained with leadiq-edge f l a p ,  It 
would be expected that the optbum spoiler gpaariee location would. be . 

affected more by w i n g  trailin-dge confi&uratione than by wfng l e a d i n e  
edge devices. 

. .. 

. . .  

" 

A comparison of the rollin-nt effectiveneee of the two 
spailers  located at their opt- spofler spanwise locations (fig. 13) 
indicates that the  plain  spoiler was more effective than the  step 
spoiler up t o  an angle'of attack of 8'. A t  16O the effectiveness of 
both  spoilers wae appraximrstely equal.. Incomplete data  obtained i n  
thls i n v e s t i s t i o n  and not.presented herein indicate that at the 
s t a l l  both  spoilers  maintained their effectiveness, although it was 
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somswhat less than that obtained a t  law angles of attack, and the opt4mrrm 
spanwise locations of the two spoilers were found, as i n  the case of the 
basic wing, t o  vary in accordance with  the s t a l l  progressions of flapped 
canfiguratians. 

Effect of Spoiler B i g h t  

The spoiler r o l l m n t ,  effectiveness of a range of spoiler p r ~  
jections ~ z 1  the basic w i n g  and the w i n g  equipped  with high-lift and stall- 
control devices are presented in figures 15(a) and l5(b). Both spoilers 
had spans of 0.475b/2 which extended frcmt 0.5b/2 t o  0.9m/2. 

Except for s t e p s p o i l e r  pro j e c t i m s  less than  apmoximately O.O2c, 
where l i t t l e  or no spoiler  effectiveness was indicated in  the low and 
moderate angle-of-attack  range, the variation of roll ing+mrmt  coeffi-  
cient  with  spoiler  projection for the f l a m u t r a l  configuration at 
angles of a t tack of Oo and 8O (fig. 15(a) ) w a s  apprcucimately l inear  
throughout the spoiler  projection  range far both  plain and step  spoilers.  
A t  16O angle of attack, the variation of ro-nt ccefficient w i t h  
spoiler  projection for both  spoilers was approxFmately linear up to a 
spoiler  proJectian of 0.05~. At a spofler CLeflectian of O.O5c, a point 
of inflection occurred in  the  variation of roU-nt coefficient 
with  spoiler  projection beyond which tQe variation of spoiler  roll in* 
mament effectiveness w i t h  projection was nonlinear. 

With 0.57%/2 lead-dge and full-pan sp l i t   f l aps   def lec ted  
(f ig .   l5(b)) , the  var ia t ion of roll-nt effectiveness  with  spoiler 
projection was approximately l inear  for both  spoilers throughout  the 
angle-ofdttack range for a l l  spoiler  proJectiQns greater than  0.03~. 
For spoiler  projections less than  apprazimately O.&c, reversal  i n  the 

-step spoiler  effectiveness w a ~  encountered at law and moderate angles 
of attack. Although no,reversal  in spoiler  effectiveness w a s  obtained 
far the  plain  spoiler in  this range of projections. and angles of attack, 
the data do indicate that the  effectiveness of the  plain spofier was 
such as t o  produce little OT no ro l l i ng  mment. This ineffectiveness of 
law spoiler  projections far the full-span s p l i t 4 l a p  configurations has 
previously been noted in reference 7 for s t ra ight  wings. 

With O.57TD/2 leadinp3dge and half-pan sp l i t   f l aps   def lec ted  w i t h  
and-without upper-surface  fences  (figs.  15(c) and 15 (a) ), the variation 
of r o l l i n w n t  effectiveness w i t h  spoiler  projection w a s  appra5mately 
linear through the range of spoiler  deflectians  investigated. 

Ih the low and moderate angle-af-attack  range with f laps   neutral ,  
the plain spoiler was m e  effective than the step  spoiler far spoiler 
projections less than  approximately  0.0'7~. With flaps  deflected,  the 
p l a i n  spoi ler  waB generally mare effective throughout the entire angle- 
of-attack  range and spoiler  projections  investigated. 
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Effect of Chardwiae Locatian 

The effect8 of chordwiae location on the  rolling-mament  effective- 
ness of 0.6b/2 span plain and step  spoilers are presented  in figure 16. 

With the  outboard end of the  spoiler span f ixed at 0.975b/2 on the 
plain wing, the roll-nt effectiveneee of the step spoiler  located 
a t  0.50~ was lese  than that obtained at 0.70~  locat ian for an "uf- 
at tack range frm t o  approximately bo. Beyond bo angle of attack up 
t o  the stall the   pea t e s t  roll-nt effectiveness wae obtained with 
the step spoiler  located a t  0.50~. In the case of the  plafn  epoiler, 
the degree of rolling+mment  effectivenem  obtained at the 0.50~ loca- 
t i on  m e  lower than that obtained a t  the  0.70~  location throughout the 
angle-of-attack range up t o  the stall. A t  the stall the effectiveness 
of both  spoilere m e ,  for all practical  pnposea, independent of chord 
location. The inabi l i ty  of chord locat ion  to   affect   the  rolling-mament 
effectiveneee of the- epoilers a t  the stall is a t t r ibu ted   t o  w i n e t i p  
flow separation, which ie   charac te r i s t ic  c8 the wing not equipped with 
.etall-control  devicee. When the plain spoiler was located  inboard of 
the wing . t ip (0.20b/2 t o  0.80b/2), a forward  chard  locatfon (0.50~) 
decreased the rolling-mamsnt effectivenees of the  plain  epoiler frcrm. 
that obtained a t   t h e  0 .70~  location i n  the angle-of-attack range from 
-bo t o  llo. Beyond ll0 t o  the stall, the rolling-maent effectiveness 
of the plain  spoiler was 8lighS3-y greater fw the 0.50~  locat ion than 
for the 0 .70~  location. A t  the stall the  effectiveness appeared t o  be 
independent of chord location  as wae %he case f a  outboard  locations. 

With the outboard  end af the plain spoiler located at 0.973/2 
and O.5nb/2 1eading-e- and half"epen spl i t   f laps   def lected,  an 
increase i n  rolling+nmmnt  effectivenees of the plain  spoiler was . 
obtained only for the angle-of-attack range from loo through the stall 
when the  plain  epoiler was moved forward from the 0.70~ l i ne  t o  the 
0.50~ location. 

The decrease in roll-nt effectiveness that wa8 obtained 
when spoilers -re moved forward t o  the 0.50c location  ia  not in  agree- 
ment with previouely published data of an u n m p t  w i n g  incorporating 
4!l"eries airfoil  sections  (reference 6). This discrepancy is  believed 
t o  be due t o  a i r fo i l   sec t ion  FnasEzch a8 two-dimneional data from the 
~ m s s  1- by 3h"foot  tunnel for an airfoil section similar t o  that  used 
i n  the  present  investigation i s  in qualitative agreemsnt with the resu l t s  
presented  herein. 

Effect of Reynolds Munber 

Figure.17  presents  the  effects of Reynolds number on the epoiler 
effectivenesa of 0.10c plain and step  epoilers  located at two spanwise 
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positions on the basic wing with and wfthout a fueelage. As indicated 
, from the data of figure 17, increaeing the Reynolds  n&er f r o m  3.8 x lo6 

t o  6.8 X lo6 increased  the  spoiler roll-nt effectiveness on both 
wing configurations over most of the Etngle-ofdttack  range and generally 
extended the  spoiler  effectiveness t o  higher angles of attack. 

A partial. coqxcison of spoiler and aileron  effectiveness is pre- 
sented ~n figures  18(a) and 18(b) far three angl-es of attack. The 
following  discussion is baaed on a 0.5b/2 span spoiler of 0.10~ p r e  
jection and a " s p a n  f1at"eided  outboard  aileron  having a t o t a l  
deflection of 25O (reference 8). 

For the  flaaplleutral  condition (fig. l 8 ( a )  ) the results indicath 
that when the   spoi ler  spans were f i x e d   a t  the w i n g  t ip ,  the effectiveness 
of the  aileron wae approximately equal to, and an some cams better than, 
that produced bg either  spoiler  arrangemnt.  When the  spoilers were 
located  inboard tuward the  plane of sgrmnetrg, the plain  spoi ler  was more 
effective  than the ailercm and the step spoiler was less effective  than 
the aileron. Although r o l l i n v n t  data are not  presented for angles 
of a t tack a t  the stall, omgarison of the data of reference 8 w i t h  results 
obtained  in  this  investigation  indicates the effectiveness of the aileron 
through the stall was considerably greater than that obtained  with either 
type of spoiler  investigated. 

With O.575b /2  lead$" and half-span sp l i t   f l aps   def lec ted , '  
both  spoilers regardless of spanwise location were more effective  than 
the  aileron. The only exception was in the  case of the  step  spoilers 
located  at   the plane of a m t r y  a t  low and moderate angles of a t tack 
where the ai leran waa m e  effective.  

mom an investigation of the low-peed lateral control  character- 
i s t i c s  carrridd  out a t  a Reynolds nurdber of 6.8 X lo6 011 a 42O sweptback 
wing w i t h  and without hi@+lif% and stall-control  devices, the folloulng 
conclusions were made : 

1. The rolling-manrent effectiveness  obtained fram spoilers  extending 
inboard fram the t i p  and outboard from the root cannot be combined in a 
single spanwise effectiveness curve as i n  the case of s.traight w i n g s .  - 

2. Based on equal" spoi lers  having a spoiler  projection of O.lOc, 
the  step  spoiler was more effect ive if located  slightly  inboard of the 

* , .  
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wing t i p  for the plain WLng configuration; whereae the plain  spoiler was 
mar0 effect ive t P  located In the vicFnitg of the plane of symmetry. 
With flaps  deflected,  both  spoilers were  more effective when located 
s l igh t ly  inboard of the wing t i p .  

3.  With flaps  neutral,  the  plain spoiler was more effect ive than 
the  step spoiler far low spoiler  projections in the low and moderate 
angle-of-attack range. With flaps.deflected,  the plain  apoi ler  was -. 

generally more effective throughout the range of angles of a t tack and 
spoiler  projections  investigated. 

4. For Etll model configurations  investigated, a forward spoiler 
chordwise location  generally  reduced  the  spoiler effectiveness i n  the 
low and moderate angle-of-attack  range and generally  increased the 
effectiveness fn the higher angle-of-attack range.' 

5. The ro-nt effectivenese of both  spoilers was increased 
over most of e angle-of t t ack  range by am increase i n  Reynolds number 
from 3.8 x 10 t;h to 6.8 X 1 3 . 

6. Based 011 a epoiler span of 50 percent of the semispan and a 
spoiler  projection of 10 percent of the local chord, the effectiveness 
of a ~ - a p a n  aileron having a total deflection ~f 25' uas approx-teu 
equal t o  and in  soms ca8e8 better  than that produced by either  spoiler 
arrangemsnt for the flap+mutral  condition with the spoilers f ixed  at 
wFng t i p .  When the spoilers were located a t  the.plane of symmetry, the 
plain  spoiler was more effective  than the ailergn, whereas the lowest 
effectiveness was obtained for the s t e p  spoiler. With f laps  deflected, 
both  spoilere, regaxdless of spa~Wise  locatiog, wem in mst c m e s  more 
effective  than the aileron. 

- 

.. 

Langley Aeronautical  Laboratory 
National Advisory Committee for Aeronautics 

Langley Air Force Base, Va. 
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Figure 1.- Plan form of 42' sweptback w l n g .  Area, 4643 square inches; mean aerodynamic chord, 
34.71 hche~; aspect ratio, 4.01; taper ra t io ,  0.625. w dimemione are ~n ~nches.  
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Figure 2.- Details of high-lfft and stall-control devices. All dimensions 
a r e  in inches. 
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Figure 3. - Geometry of plain and step spoilers. A l l  dimernions are In 
inches. 

T 



(b) Step spoiler. 

Figure 4.- Installation of plain step spoilers on a 42' sweptback 
wing- 
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Figure 5.- !be 42O meptback wlng mounted i n  the Langley 19-foot pressure lmmel. 
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Figure 6.- Continued. 
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(g) Basic ~lng; p- spoiler, 6, = 0.05~. 

Figure 6 . -  Conchfied. 
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spanvise location on the aerodynamic characteristic8 of & 42' s w e p t -  
back King. u = 0. 
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Figure 10,- The ef fec t  of  spanwise location of constant span plain and 
s tep  spoilers on the aerotfynamic characteristics of the  basic wing. 
6, = 0 .10~ .  R =.6.8 X io% 
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(b) CL CD, ana C, againat a. 

Figure 10.- Concluded. 
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Spoiler span: 0.4 to 0.975b/2 

c, = 0.020 

(a) step  spoiler. 

c, = 0.025 c, = -0.005 cm = 0.020 

G, = 0.025 

(b) Plain spofler. 

cross flow 
c, = 0.017 

Stalled 

c, = 0.028 c, = 0.027 

(a) Plain spoiler and fuselage. 

Figure 12.- Flow p a t t e r n  induced by various plain and s t e p  spoiler 
arrmgementa on the basic wing with and without a fuselage. 
6, = 0.10~; a = 12.80. 
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Figure 18.- 'Ihe ef'fect of chordrlse 
moment characteri8tics 
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location of constant-span p h h  and step spoilers on the hllhg- 
of a 420 sweptback wing. 8, = 0.10~. R = 6.8 x 106. 
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Figure 17.- 'Ilhe effect  of Reymlds number on the  rolling-mament charaoterietics of pla in  and step 
epoiler amangemenla on basic w h g  with and without fuselage. 6, = 0.1Oc. 
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P&ure 17.- The effect  of Reynolds mmiber on the rolling-moment characteristice of plain and etep  
spoiler arrangements on basic rLng with and without heelage.  8, = 0.10~. 
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